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1GENERAL STATEMENT
The purpose of this investigation is to compare results
obtained from measuring a base-line with steel and invar tapes,
under varying conditions of length of tapes, distance between sup-
ports, pull, and temperature. Pour different tapes were used;
namely, a 100-ft. steel tape, a 100-ft . invar tape, a 300-ft .
steel tape, and a 500-ft . invar tape. Pulls of 12, 20, and 50
pounds were used for each tape with different distances between
supports. With the 100-ft. tapes, supports were placed at 25, £0,
and 100 ft. intervals; and with the 500-ft. tapes, the supports
were 25, 50, 75, and 100 ft. apart. The temperature at which
measurements were taken varied from 52°F . to 81°P.
In order to maintain a uniform grade for each tape
length, two parallel lines of stakes were establ ished along the
base-line; one for measurements with the 100-ft. tapes, and the
other for measurements with the 300-ft. tapes. In the former, the
stakes on which the ends of the tapes were marked, were placed
100 ft. apart; and in the latter, these stakes were placed 300 ft.
apart. Hereafter the first mentioned line will be known as the
100-ft. line and the latter as the 300-ft. line.
LOCATION
The base-line is located on the east side of the north
and south road, on the east side of the golf links of the Univer-
sity of Illinois, Urbana, Illinois. These golf links lie about

one-half mile south of the campus, just beyond the west division
of the Mount Hope Cemetery. The line is not protected in any way
from the wind or sun, but lies In the open prairie. The ground
surface over which the line is located is gently rolling; thus it
was necessary to break grade for each tape length, and in some
cases mentioned later, to break grade between the stakes marking
the ends of the tapes
.
DESCRIPTION OP THE LIFES
100-FOCT LINE .
Concrete monuments were set at random about 2400 feet
apart to mark the ends of the base-line. Each monument v:as about
4 ft. long and ? in. in diameter, and was reinforced with a 4 -ft
.
steel rod, 3/8 in. in diameter. A brass plug 4 in. long and 1/2
in diameter was inserted in the top, and protruded slightly above
the surface of the concrete. The top of the monument was about
2 in. above the ground surface. The terminals of the line were
marked with fine scratches on the brass plugs as shown in Fig . 1
Fig . 1 .

Beginning with the monument on the north end of the line,
as station 0+OC, 2"x4" oak stakes about 4, ft. long were driven
at intervals equal to a tare length. These stakes are shown in
Fig. 2, and hereafter will be Galled station stakes. They were
Copper plate
JimT7T77777TmtT
Fig. 3.
driven with their centers on the established line with the 4-in.
dimension parallel to the line. After the stakes were firmly
driven, the tops were saved off about 2 ft. above the ground sur-
face. On the top of each stake, a copper strip 4 w x 1/2" was tacked,
with one edge on line with the terminals.
Tables as shown in Fig. 3 were constructed over each
monument. The four uprights, 2 M x2", were driven firmly into the
300
-ft. Line
LQL
Copper Plate
rIOO-ft Line
Concrete Monument
Fig. 3.

4ground close to the monument, and the tops were sawed off at the
same elevation, about 2 ft. above the ground surface. A 1-in.
board about 10 in. square vras nailed on the top of the uprights,
which were securely cross braced. To transfer the point at each
end from the monument to the top of the table, a transit was set
up over the terminal of the line before the top of the table was
placed, and a line was established at right angles to the base-
line. By setting up tho transit over a point on the line ^ust
located, at a distance of about 40 ft. from the monument, and
sighting on the terminal as marked on the brass plug, the line
of sight was transferred to a copper strip nailed to tho top of
the table. The transit was then set up approximately on line with
the station stakes, and the line of sight to the monument was
again projected to the top of the table. The intersection of this
line with the line of sight at right angles, marked the exact ter-
minal of the base-line on this table.
Wooden support stakes l"xl M and 4 ft. long were driven
at the £5-ft. points with one edge on line with the centers of the
station stakes. A sketch of a support stake is shown in Fig. 4.
7/777717777?]
Fig . 4
.

Fhen necessary to preserve alignment, the support stakes v/ere
braced with laths. The supports for the tape were furnished by
square screw hooks l£ in. long, set in the support stakes on grade
with the tops of the two adjacent station stakes. The elevation
for the hooks on the intermediate stakes was established by "shoot-
ing in" the grade .
300-FOot PIPE.
The terminals of the 500-ft . line were established by
measuring a distance of approximately 6 in. to one side of the
100-ft . line, on the terminal lines previously' established on the
copper strips at right angles to the base-line. Station stakes
and intermediate stakes for the 3C0-ft . line were placed in the
same way as those for the 100-ft . line, except that the station
stakes were 300 ft. apart instead of ICC ft. as shown on the
profile, Plate V, page 11, / 7-ft . knoll near the middle of the
base-line necessitated breaking the grade at a point midway between
station stakes. When using 75- ft . and 100-ft. supports with pulls
of 12 and 20 lbs., the grade was broken between station stakes in
a few cases to prevent the tape from dragging on the ground.
These changes in the grade line are discussed more fully on page 24
PRELIMINARY PROCEDURE
After the lines had been established, a line of differen-
tial levels were run from the United States Geological Survey
bench mark at the southeast corner of Engineering Hall, to each
of the monuments. The object of these levels, which are tabulated
on Plate I, page 6, was to tie the base-line to sea level elev-
ations, so that a correction could be made to ootain the corres-

6PLATE I
.
DIFFERENTIAL LEVELS
Bta. B.S;, H.I. P.S. Kiev.
fe.M. 5.55 726.60 781*06 B.K. east of Eng. Hall
G 4.78 729. 92 1.46 725.14
6 9.08 733.59 5.41 724.51
© 13.09 744.31 2.37 731.22
9.91 752.80 1.42 742.89
5.31 757.80 C .31 752.49
7.14 763.45 1.49 756.31
8.36 771.00 0.81 762,64
© 5.45 765.93 10.52 760.48 To; of N.W. post of
table on N. end of line.
B.M. 0.91 765.02 S.E. corner of Levi
K i sby 1 s t omb s t one
.

7ponding length at sea level if desired; but this correction was
not made in this investigation, however, since the object was
merely a comparison of measurements
.
Profile levels were run over the ground, and over the
tops of the station stakes on both lines. The notes for the pro-
file of the ground surface are tabulated in Plate II, page 8;
while those for the grades on the 100-ft . and 30C-ft . lines are
given in Plates III and IV respectively, pages 9 and 10*. Plate V,
pagell,shows a profile of the ground surface and the established
grades on the 300-ft . and 100-ft. lines respectively.
After the copper strips had been placed upon the station
stakes, and the support stakes had been properly aligned, with
the screw hooks at the desired elevstion, the line was ready for
the measurements .
EQU IPIOTT
The equipment of the party for measurements taken during
the day consisted of 4 tapes, 2 spring balances, 2 Fahrenheit
thermometers, 2 4- ft . staffs for tape stretchers, a marker, and a
note-book. The equipment used for taking mee.su r orients at night
was the same as that mentioned above with the addition of four
electric flash lights.
TAPES
.
All of the tapes had been previously standardized at the
united States Bureau of Standards at Washington, P.O. The correct
length for each tape, at 62°F., was determined when subjected to
pulls of 12, 20, and 30 lbs., the invar tapes being supported at
j

PLATE II.
PROFILE LEVEL? OF GROUND
Sta
.
B.S. TT TH.I
.
J . b . T"\ Air
<s4+12 7 ,3 ^45 .8 n 2q r-
2o+50 o . y r iiiJ .
»
224-00 b .4 ri Ar\ A
21+00 D .0 f . O
20+00 6 .O rt l O *">r *± a • <i
19+00 1 .6 ^44 .
3
7 .8 75-> ,0 .6 /4o . k;
18+00 7 ,
3
1 7+00 /O % I
16+00 r— a5 .4 e4 f .o
1d+00 4 .1 r48 .9
14+00 1 .
7
751 .o
13+00 1 . 751 . ^
5.2 758 .1 .1 752 ,S
12+00 5 .9 rj p* i->
11+00 5 ,8 r* nr O *7752 .3
10+00 5 ,0 75a ,1
9+00 2 .4 755 .
7
3,4 760 .4 1 .1 757 .0
8+00 1 .5 758 .9
7+60 .8 MCA ./^759 ,o
7 +00 2.2 758 .2
6+00 6.2 754.2
5+C0 6.7 753.7
4+50 6.2 754.2
4+00 5.0 755,4
2.6 758.5 4.7 755.7
3+00 3.2 755.3
2+40 3.7 754,8
2+00 5.0 753,5
1+00 3 .5 755.0
© 4.4 761 .2 1.7 75C .6
C+OC 2.4 758 .8

PL/iTE III.
LEVELS OVER 100-FT, PTATION?
Bta E ,S . K.I
.
F 5 Flev .
0+00 .60 761 .16 760 .58
1+00 4,18 757.00
2+00 5.75 756.43
3+00 3.99 757.19
4+00 3.86 757.32
5+CO 5.51 755.67
c+oo 6,51 762.59 5.10 756 .08
7+00 2,49 760 .10
e+oo 1 .75 760.84
9+00 5.69 756.90
10+00 8 .07 754.52
11+00 e .92 753.67
12+00 0.95 754,65 8.89 753.70
13+00 .95 753.70
14+00 1 .44 753,21
15+00 3.70 750.95
16+00 4.85 749.79
17+CO 5,18 749.47
16+00 .34 748.36 6 .63 748 .02
19+00 2.07 746 .29
20+00 3 .90 744.46
21+00 3.28 746 .11 r* r* rro . oo 742.83
°°+00 3 .56 742.55
23+00 3.53 742 . 58
24+00 5.17 740 .94
24+12 5.59 740.52
B.M. 8,22 737.89
B .1*1 .= N.7?. corner of east gate post.
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PT A TVC lift. 1 Ba TV
LEVELS OVFR 300 -FT. STATIONS
B .6
,
H.I, Elev
.
B .K
.
5 .37 766 .65 761 ,28
0+00 6 .12 760 .53
3+00 6 .08 763 .55 9 .40 757 .25
6+00 7 ,25 756 .08
7+50 1 .94 761 .39
9+00 .02 756 .98 6 .37 756 .96
1 2+00 o .42 753 .56
15+00 .70 752 .52 5 .16 751 .82
18+00 4 .60 • 747.92
31+00 2.89 745.63 9 .77 742 .75
S4+00 4.81 740 .82
24+12 5.11 740.52 Top of table S end
of line
.

J-fa OtOO
Eh/ 760.53
^a./+00.E7cV 75700
Jh.2+00. Ekv. 755.43
5ia 5+00. Ekv. 757.19
Jta.4+00E/ev. 757.32
Jh. 5+00. E/ev 755.67
Jh.GW0.EJev.756.08
Jb.7+00Ekv 760.10
5taQ+00Ekv. 760.64-
5ta.9+C0Ekv'75650
5hJ0+00.E7e* 754-52
5M.I l+OO.E/ev 753.67
D+al2+00Ekv753.70%
JkxD+CC\Ekv. 753.10
Jh.l4.iO0.Ekv. 753.21
JfaJ5+00.Ekv. 750.95^
5ia 16+00^.749.79.
Jh/7+C0.Ekv 749.47
57a.l8+00.Ekv7480Z
Jfa 19+00Ekv. 74623^
5h20+WEkv74446$
7?}mElet74283$
>22MEkY74755
25*00fh 7423d
<M<CO£l. 74034,
'i&*IZfl7405Z
II
1
I
<5ta. 0+00
TE/eV. 760.53
^3+a.J+OO
EJev. 757.25
Jfo G+00
E/eV 756.08
Jta. 7+-50
E7es.76l.32
Jh 5+00
E/eV 75656
Jta. IE+00
EleV 753.56
Jia 21+00
Elcv. 74-2 75
5h.2ft-i-00£k*m82
5+a 24+72 Ekv740.52
5+a. 15+00
Ekv 75182
54a 76+00
Ekv 74-792
<r2
1
3 £
'
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ICO-ft . intervals and the steel tapes being standardized flat.
The coefficient of expansion, per 1 degree Fahrenheit, of the
IOC— ft . invar tape was found to be' 0.0000004 over a range of from
62° to 88°P.; the 300-ft . invar tape, .00000035 over a range of
from 31° to S5°F.; the 100-ft . steel tape, .0000062; and the 300-
f t . steel, .00000646 . Copies of the standardization certificates
are shown in Plates VI to IX inclusive, pages 13 to 16.
BALANCES
.
The spring balances were of the dial type, graduated to
1/20 lb. They were used as shown in Pig. 5, to determine the pull
on the tape .
Each balance was calibrated in a horizontal position,
by suspending standard weights in a pan, and noting the error when
the weight was applied to the balance. The correction was made
by adjusting a movable pointer on the dial of the balances so
that the dial readings would be correct. These corrections are
tabulated in Plate X, page 17.
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PLATE VI .
This certifies that 100-foot INVAR Tape No. 2459 has
been compared with the standards of the United States and for the
intervals indicated, has the following corrections at 62° Fahren-
heit under the following conditions,
Supported at 0- and 100-foot points.
Tension:
Interval
(0 to 100 ft.)
12 lb
Correct ion
-0.090 foot
Tension: 20 lb.
(0 to 100 ft.) -0.030 foot.
Tension:
(0 to 100 ft
.)
30 lb.
-0 .004 foot
.
i
NOTE: The comparisons of this tape were made at a
temperature of S8°F. and in reducing to 62°P. the coefficient
of expansion of the tape is assumed to be 0.0000004.
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PLATE VII.
This certifies that 100-foot STEEL Tape No, 2432 has
been compared with the standards of the United States and for
the intervals indicated, has the following corrections at 62°
Fahrenheit Y/hen supported horizontally throughout its entire
length
Interval Correction
Tension: 12 lb
.
(0 to ICO ft.) -0.0064 foot.
Tension: 20 lb.
(0 to IOC ft.) +C.C015 foot.
Tension: 30 lb.
(0 to ICO ft.) +0.0109 foot.
NOTE: The foregoing comparisons were made at the
fine lines etched by the Bureau about one inch to one side of
the 0- and 100-foot sleeves. They have an uncertainty of 3 in
the last place.
The coefficient of expansion of this tape, 0.0000062
per degree Fahrenheit is uncertain by 1 in the last place.
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PLATE VIII.
This certifies that the 300-foot STEEL ^ape No. 2453
has been compared with the standards of the United States and,
for the intervals indicated, has the follov;ing corrections at
62°F. when supported horizontally throughout its entire length
Interval Correction
Tension: 12 lb.
'0 to 100 ft.) -0.0054 foot.
.0 to 300 ft.) -0.0108 "
;0 to 300 ft.) -0.0410 "
Tension: 20 lb.
tO to 100 ft.) +0.0006 foot.
(0 to 200 ft .) +0 .0013
(0 to 300 ft .) -0 .0230 "
Tension: 30 lb
.
(0 to 100 ft.) +0.0079 foot.
(0 to 200 ft.) +0.0158 "
(0 to 300 ft.) -0.0013 "
MOTE: The foregoing corrections were ::.ade at the fine
lines etched by this Bureau about two inches to the left of the
0-, 100-, 200-j and 300-foot sleeves. Their uncertainty ranges
from 3 in the last place for the small intervals to about 5 for
the total length.
The coefficient of expansion for this tape is
.00000646
.
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PLATE IX
.
This certifies that the 300-foot INVAR Tape No. 2460
has been compared with the United States standards and, for the
intervals indicated, has the following corrections at 62°F. under
the following conditions.
Supported at 0-, 100-, 200-, and 300 foot points.
Interval Correction
Tension: 12 lb.
(0 to 100 ft.) -0 .090 foot
(0 to 200 ft .) -0 .182
(0 to 300 ft.) -0 .274 n
Tension: 20 lb.
(0 to 100 ft
.) -0 .031 foot
(0 to 200 ft.) -0.063
(0 to 300 ft.) -0 .095 n
Tension: 30 lb.
(0 to 100 ft.) -0 .006 foot
(0 to 20C ft.) -0,013 fl
(0 to 300 ft.) -C .020 It
FOTE: The coefficient of expansion of this tape as
o odetermined over the range from 31 to 85 is .00000035.
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PLATE X.
v7FT(TRT OF TAPES
Tape ]"et Y;eight Net Weight
lb . lb . per ft
.
500 I 5.4 0.01S0
300 S 5.0 0.0166
100 I 1.8 0.0180
100 S 1.3 0.0130
Horizontal Position
Zero Heading
lb.
Balance No . 1 -1.5
Balance N« .2 -1 .9
Vertical Position
Load Applied Balance No .1 Balance Ho.
2
lb. Beading Reading
lb . lb
.
.0 .0
10 10.0 10.0
20 19.7 19.8
30 29.7 29.7
nALTFPATTON Of? TFTF/RVOi >FTFFS
Comparative readings- degrees Fahrenheit
Thermometer No, 1 2 3 4
In solution of ice and water 32.0 32.0 32.0 32.0
Boom temperature 67.8 67.8 67.8 68 .0
Stan-
dard
32.0
68 .5

THERMO] [ETERS . 18
Four Fahrenheit thermometers were calibrated by comparing
o o
them with standard thermometers at 32 P, and 66 F. Motes for these
comparisons are shown in Plate X,page 17. Two of those thermom-
eters were held in reserve, as only two were used at the same
time in the field, one at the head end of the tape, and one at the
rear end. The purpose of the ar ranger.:ent of the thermometers was
to secure a more accurate average of the temperature during each
measurement than could have been attained with one thermo*;.eter or
with two at the same place, there being a possibility of a slight
difference in temperature at the two ends of the tapes, as shown
in the field notes Plate XI, page 23. The weight of er.ch tape
was determined for use in computing the corrections which will be
described in detail later. The weights of the tapes are shown in
Plate X, page 17.
TAPE STRETCHERS.
.As shown in Fig. 5, the 4-ft . staffs were used to in-
sure a steady pull on the tape while the marking of the ends of
the tapes was in progress. The principle of leverage involved,
and the comfortable position of the chainmen in holding the tape
are clearly shown in the figure .
ORGANIZATION OF FIELD PARTY
Four men comprised the party in the field. One man,
acting as recorder, also marked the forward end of the tape on
the copper strips at each station stake, and read the thermometer
at the head end of the tape. A head chainman and a rear chairman
observed that the tapes were properly supported, and that the
balances on thoir respective onde- of the tape were registering
the desired pull preparatory to the marking of the tape ends.

IS
As the heac-l chainman vent forward, he placed the tape on the proper
sup ort stakes. The fourth man's duties as observer were to hold
the rear end of the tape on the scratch previously made by the
recorder, and to read the thermometer at the rear end of the tape.
METHOD OF MEASUREMENT
The method of measuring was the same for both lines.
The measurement of the 30C-ft . line, for example, proceeded as
follows: The tape was carefully undone, so as not to form any
bends which if present would have changed the length of the tape,
since the 1.? lb, pull was not sufficient to stretch the tape very
tightly. Beginning at the north end of the line, station C+CO,
the head chainman proceeded to station 3+OG, placing the tape on
the supports at the desired interval, on his way . A thermometer
was hung on a wire fence along .side of the line, at each end of
the tape, at about the same height above the ground as the tape.
The two chainmen hooked their balances into the rings at the ends
of the tape, ana held the balances horizontally at such c height
that the tape would be horizontal and barely touching the station
stake . In this position there was no unnecessary friction between
the parts of the balance, or between the station stake and the tape
due to the bending of the tape around one edge of the stake .
When the required pull was obtained, and each chainman
was sure that the pull would remain constant, the observer, upon
a signal from the rear chainman hold the zero mark of the tape on
the terminal of the 300-ft . line. The ends of the tape were placed
at the sides of the copper strips, which wore about the same thick-
ness as the tape. In thi3 way the scratch could be made more
accurately than if the tape had been held on top of the strip, and
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also, the roar end of the tape could be more accurately held on
the mark. When the zero mark of the tape coincided with the in-
itial mark on the table, the observer flipped the tape to s;-t t \
vibrations in order to equalize the tension throughout the tape
length, and after vibration had ceased he signalled to the re-
corder, who made a scratch on the copper strip at station 3+00.
thus marking off a 300 -ft . length. The scratch was made by a
marker, illustrated in Fig. 6, which consisted of a needle inserted
in a wooden handle . The two temperature readings were then taken
and recorded in the note book, together with the numerical value of
the measured distance between the initial point on the line, and
the scratch on the station stake at station 3+00.
Co,^ mmon sewing needle— Wood handle
Fig . 6 .
Before measurements were taken, it was thought that
there would be need of rep-lacing the copper strips from time to
time as scratches became more numerous; however, it was not neces-
sary to replace the plates, since the bright copper exposed by the
fine scratches oxidized during the intervals between field periods.
Since from 6 to 16 measurements were taken in succession at each
period, it was necessary to distinguish the proper mark for the
terminal of the tape, from those marks which were used in a previous
measurement
. This distinction was brought about by using a
single scratch for the desired mark, and crossing out all marks
made previously. This is more clearly shown on the copper strip
shown in Fig. 2, page 3. In some cases, as will be noted in the
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measurement between stations 9+00 and 13+00, in measurement No. 27,
page 2o, owing to the forward end of the tare not falling on the
copper strip when the tape was in position for measurement, it was
necessary to add to, or subtract frem. the measured tape length, a
fractional part of a foot, so that a i.ark could be made on the
copper strip at the forward end. The addition or subtraction was
made in tenths of a foot, and was accomplished by using a 6-inch
celluloid scale graduated to 1/50 in. In a similar manner this
scale was used at the ends of the base-line to determine the
distance to the nearest 1/10,000 ft.
After the first tape length was marked off and recorded,
the head chairman proceeded to station 6+00, p lacing the tape on
the desired support stakes as before, and the cycle of procedure
was repeated. The measuring proceeded in this manner for each
station stake, until station 24+00 was reached.. At this point it
was necessary to use a fractional part of the tape length, as the
southern terminal of the base-line was only about 12 ft. beyond
station 24+00
. Thus the head chainman advanced to a point just
beyond the end table and applied a tension to the tape in the
same manner as at a station stake. With the rear chainman on line
With the stakes, and located at about station 21+12, the tape was
subjected to the required pull, and the distance to the southern
terminal of the base-line was noted. On the return trip to the
north end of the line, the measuring proceeded in exactly the same
manner
.
EXPLANATION OF FIELD NOTES
Plate XI, page 23, is a typical page from the note-
book. At the top of the page is the numoer of the measurement
,
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which facilitates reference to subsequent tables and computations.
Immediately following the measurement number is a set of brief
notes giving the length of tape, kind of tape, pull to which the
tape was subjected, and the distance between supports. In the
upper right hand corner of the page is the date and condition of
the weather
.
Under the five column headings are given the location of
the rear and head end of the tape for each tape length, the temper-
ature observed at each end of the tape as described in detail be-
fore on page 18, and the measured length between successive station
stakes
.
The average of the observed temperature was found and
inserted at the foot of columns 3 and 4. The total measured length
of the line was obtained by adding the partial lengths in column 5,
and was inserted at the bottom of the column. Later, after the
corrections for sag, grade, temperature, and length were computed
for each measurement, the values of these corrections were inserted
at the bottom of the page. The total correction was then computed
from the four corrections just mentioned, and applied to the
measured length to obtain the value of the corrected length re-
corded at the bottom of the page.

PLATE XI. 23
P^GE from field BOOK
Teasur er.ent No
.
27 Uarch
Cloud"
300 -ft . Steel 30# pull , 25 ft .support Damp.
StfL. to sta. Temp .
F
.
Temp .
F
.
Measured
Lengt h
N 3+00 32.5 32,0 300
3+CO 6+00 32,2 32.6 300
6+0C ?+00 31 ,8 32.5 300
9+00 i2+r : •z.n n 32.8 300 .1
12+00 15+00 32.3 33.0 300
15+00 18+00 32.5 33 .C 300
18+00 SI+00 34.0 33.6 300
n+oo 34+00 34.0 300
24+00 s <J * 1 12 .6900
oc^ ^ ocr; «?JO O «~> « ( Oi/O lb S412.7900
Average 32 .63 32.80
Average 32.71
•
Corrections
Sag -0 .0194
Grade -0 .2836
Temp . -0 .4563
Length -0 .0104
-0 .7697
Corrected length 2412.0205
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CORRECTIONS
For each measurement, corrections for grade, sag, tem-
perature, and length of tape were computed as shown in Plate XIV,
page 31. It was unnecessary to compute corrections for pull,
since the tapes had been standardized for each of the tensions
used in the field measurement s . The corrections for the equivalent
lengths at sea level were also omitted for reasons already ex-
plained on page 5.
Owing to the 300-ft . tapes dragging on the ground between
supports when subjected to 12 and 20 lb. pulls with 75 and 100-ft .
intervals between supports, it was necessary to establish four
different grade lines for the measurements of the base-line. The
four grades referred to were as follows: Grade A as shown in the
notes in Plate III, page 9, and in profile in Plate V, pa e 11,
was used for all measurement s on the 100-ft . line, and had all
support stakes set on a uniform grade between successive station
stakes. Grade B also had uniform grades between station stakes
except between stations 6+00 and 9+00. In this interval, the
grade w s uniform between stations 6+00 and 7+50, and between
stations 7+50 and 9+00, as shown on the profile. This grade line,
B, was used for all measurements on the 300-ft . line except as
noted in Plate >'IV, pages 31 to 34. In a few cases
#
as mentioned
before, grades C and D were used on the 300-ft. line to prevent
the tapes from dragging on the ground. Both C and D are the same
as grade B with the following corrections applied to the supports
at the stations listed below.
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Grade C:
Grade D
Station 8+25 raised 0,5 ft.
Station 13+50 raised 0.5 ft.
Station 23+25 raised 0,5 ft.
Station 8+00 raised 2.0 ft.
Station 13+00 raised 1.0 ft.
Station 23+00 raised 1.0 ft.
A sample sheet of all of the corrections for each measure
aent is shown in Plate 711, page 27. In this particular instance
the corrections apply to measurement No. 27, which has been al-
ready discussed, and shown in the note-book form in Plate XI,
page 25.
GRADE CORRECTION;
The formulas from which the various corrections were
computed are those used by the United States Coast and Geodetic
Survey on similar work. The grade correction was determined from
Fh*the formula Cg= * where is the correction in feet for
the entire line, 1 is the distance in feet between the breaks in
the grade, and h is the difference in elevation in feet between
successive breaks in the grade. As will be noted from a study of
Plate XII, the computations were greatly simplified by arranging
the work in tabular form. The figures in the column headed "h*1
are the differences in elevation of adjacent station stakes, while
those in the column headed "h^" and "h^" are the differences in
elevation of adjacent points 150 and 12.5 ft. apart, respectively.
The subdivision of the differences in elevations into these three
columns was necessary, since the correction formula applies only
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when the breaks in grade fall at equal intervals. Therefore, by
summing up the three partial corrections as shown at the bottom
of the plate, the total grade correction C is obtained.
S
SAG CORRECTION.
The formula for the sag correction in feet is
2
C = - ~ (
>Yd
) . where L is the measured length of the base-line
s 24 \ P /
in feet, w is the weight of the tape per foot of length, d is the
distance between supports in feet, and p is the tension applied to
the tape in pounds. The values substituted for the various symbols
were taken from Plate XIV, page 51, and Plate X, page 17.
TEMPERATURE CORRECTION.
The temperature correction was computed from the formula
C^. = + oc L(Tm - T ) , where C. is the total correction to be applied
to the base-line in feet, °c is the coefficient of expansion for
the tape, L is the measured length of the line in feet, T is the
average temperature of the period during which the line was measur-
ed, and T
q
is the temperature at which the tape was standardized.
The values of and T are obtained from the standardization certi-
o
ficates on pages 13 to 16. I, and T are obtained from Plate XIV,
m
pages 51 to 34.
LENGTH CORRECTION.
The correction for length is determined from the formula
C
l
= E
Y~ »
v;nere is toted length correction in feet; B is
the correction in feet per tape length as shown in the standardiz-
ation certificates, Plates VI to IX; L, as before, is the measur-
ed length of the line; and 1 is the length of the tape in feet.

PLATE XII.
CORRECTIONS FOR MEASUREMENT NO. 27
'rade Correct ion:
. 2 *
2 *
"
CQ- correction for ^rade
.
1 » distance betv/een breaks in grade
• h - difference in elevation betv.'een
adjacent stations
Sta
.
Flev
.
Ft V,XI n
n
hl hl h2
*2h2
C+CO 760 .53
3+00 57 .25 5.28 10 .7584
6+00 56 .08 1 .17 1 .3689
7+50 61 .39 5.31 28.1961
9+00 56.96 4.43 19.6249
12+00 53.56 3 .40 11 .5600
15+00 51.82 1 .74 3.0276
18+00 47.92 3 .90 15.2100
21+00 42.75 5.17 26 .7289
24+00 40 .82 1 .93 3 .7249
24+12, 5 40 .52 0.30 .0900
h2 =
1 300
£hf- 47.8210
11 = 150 l3
* 0.0900
= 12.5
(o A.
-0 ,12063
•0 .15940
0 .00360
0 . 28360
=-0.15940
2 lx
Z'rS
= -0 .0031
2

PLATE All (continued) 28
t 2
6 = correction for sag.
L length of base line or 2412.5 ft.
w* weight of tape per ft., ox t— lb.
d • distance between supports, or 25 ft.
P s pull in pounds, or 50 lb
.
C s - 241^5 Hi 26 Y m .0.0194 ft.8 24 V. 300 x 30 /
Temperature Correction: - &I»(T
ffi
- T- )
a - coefficient of expansion for tape .00000646
L » length of base line or 2412.5 ft.
T * average temperature during observation 32.71
T a termer ature at which tape was standardized
o
or 62.0°
C.» f0 .00000646 x 241.? .5(32 . 71-62 .0)- -0.4563 ft.
x
Length Correction: bL
B= correction per tape length or -0.0013
I. « length of base line or 2412.5 ft.
1= length of tape or 300 ft.
0,- -0.0018 x 2412.5 g _0tC1045 f
t
.
1 300
?ea Level Correction:
C-ince these measurement s were made for comparative
purposes, the correction to sea level was unnecessary, as it is
constant throughout
.

PLATE XIII.
SAG CORRECTIONS
Pull Distance between supports - ft .
Tape lb.
CO / o 100
100 ? 12 -0 .0734 -0 .2934 -1 .1737
IOC S 20 -0 .0265 -0.1057 -C .4225
IOC S 30 -0 .0118 -0 .0470 -0.1S77
300 S 12 -C.1207 -0 .4825 -1.0856 -1 .9298
300 S 20 -0 .0434 -0.1737 -0 .3907 -0 .6946
300 S 30 -0 .0193 -0.0772 -0 .1736 -0 .3087
100 I 12 -3,1103 -1 .68 74 -0 .9841 -
and 20 -0 .7592 -0 .6074 -0 .5544
300 I 30 -0.3375 -C..2700 -0.1575
LENGTH CORRECTIONS
Tape
Pull in pounds
12 20 30
100 S -0.1544 -0.0362 -0.2629
100 I -2.3879 -0.7236 -0.0965
300 S -0.5296 -0.1849 -0 .0105
500 I -2.2C30 -0.7638 -0.1608
GRADE CORRECTIONS
Dist
.
Grade between Correction
station
stakes
A 100 -0.4100
B 300 -0.2836
0" 300 -0.2955
D 300 -0.3436
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To facilitate the application of the corrections, the
results of the computations were tabulated in the form shown in
Plate XIII, Since the temperature correction alone was an indepen-
dent value for each measurement, the corrections for sag, grade,
and length could be readily taken from the table.
Plate XIV gives a summary of data and results for the
entire series of measurements in the order in which the measure-
ments were taken. Ho definite system was followed out in the order
of taking measurements, as will be seen from the tables. The let-
ters in the column with the heading "Grade", refer to the grade
lines discussed on page 24, which were used for the measurement in
question. Observation numbers followed by the letter N indicate
that the measurement was taken at night
.
GROUPING OF MEASUREMENTS
In order to compare the corrected distances of the
various measurements more readily, all measurements were grouped
with reference to the tape length, kind of tape, distance between
supports, and pull, as shown in Plates XV and XVI, pages 35 to 42.
In plate XV the various groups are combined with reference to the
distance between supports, while in Plate XVI the classification
is with respect to the length and kind of tape. In both Plates,
are also found the averages of the smaller groupings, which were
used in the determination of the probable error. These averages
are discussed more fully in the explanation regarding the com-
putations of the probable errors on page 45,
/
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Gr ou^p in£ of
"Reference to Di
Measurements
stance Between
With
Supports
Number Tape
nistance
Eetv.'een
Supports
Ft
.
Pull
Lb.
Measured
Length
Ft .
Corrected
Length
n .
13
14
33
36
100 8 25 1? 2412 .5843
2412.6833
2412.8 717
2412,8633
Average
2411 .7183
2411 .8468
2411 .8391
2411 .8386
OA"\ 1 Rift?
15
16
34
100 s 25 20 2412.2900
2412.3750
2412.6283
Average
2411 .7114
2411 .8284
2411 .8562
24-11 70?Pj
17
IS
35
100 8 25 30 2411 .9982
^412.1035
2412.4333
Average
2411 .7148
2411 .8208
2411 .8616
0'-\"\ 70QT
19
20
37
40
100 I 25 12 2412.6250
2412.6517
2412.6617
2412.6767
Average
2411 ,9314
2411 .9567
2411 .9476
2411 .9606
241 1 .°4°1
21
22
38
104
100 I 25 20 2412.3700
2412.4192
2412.4042
2412.3683
Average
2411 ,9863
2412 .0366
2412.0029
2411 .9788 N
23
24
39
105
100 I 25 30 2412.0942
2412.2342
2412.1267
2412.1358
Average
2411 .9153
24] 2 .0540
2411 .9304
2411.9512 N
P4-1 1 °P?7
' 2
25
28
86
300 S 25 12 2412.7417
2413.1792
2412 .9592
2412.5291
Average
2411 .7866
2411 .8 799
2411 .7945
2411 .8 708 N
2411 ,8330
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PLATE XV. (continued)
Distance Measured Corrected
Number Tape Between Pull Length Length
{Supports Lb . Ft . Ft
.
Ft .
3 300 S 25 20 3412.4952 2411.7816
4 2412.4633 2411. 7601
26 2412.806 7 2411 .8307
87 2412.3175 2411.8737 N
92 2412.C208 2411 .9291 N
Average 2411 .8350
11 300 S 25 30 2412.5783 2412.0681
12 2412.3450 2411.8412
27 2412.7900 2412.C2C3
98 2412,4433 2411.9601 N
Average 2411.9724
5 300 I 25 12 2412.5277 2412.1436
6 2412.5343 2412.1495
29 2412.5500 2412.1512
32 2412.5600 2412. 1607
Average 2412.1512
7 300 I 25 20 2412.2645 2411,9688
8 2412.2205 2411.2254
30 2412.2750 2411.9631
102 2412.2933 2411 .9940 N
Average 2411 .9804
9 300 I 25 30 2412.0067 2411.8914
10 2412.0085 2411.8923
31 2412.0117 2411 .8809
Average 2411 .8882
53 100 S 50 12 2412.9958 2411.8252
54 n 2412.8117 2411.6638
103 2412.9500 2411 .8940 N
Average 2411.7245
• 55 100 S 50 20 2412.6225 2411.8336
56 3412.6100 2411.8217
Average 2411 .8276
57 100 S 50 30 2412.3375 2411,6324
58 2412.3642 .2411 .850 5
Average 2411 .8449
59 100 I 50 12 2413.0150 2411.8630
65 2413 .0421 2411.9355
60 2413.0483 2411.2153
Average 2411 .9113

PLATE XV. (continued)
37
Number Tape
Distance
Eetween
Supports
Ft .
Pull
Lb .
Measured
Length
Ft .
Corrected
Length
Ft .
61
62
100 I 50 SO 2412.5108
2412.5042
Average
2411 .9893
2411 .9608
2411 .9850
63
64
iCO I 50 30 241? .1775
2412.1716
Average
2411 .9417
2411 .9336
2411 ,9376
41
42
300 S 50 12 2413
2413. 2750
Average
2411 .7167
2411 .7496
2411 .7331
43
44
30C S 50 20 2412.£100
2412.7817
Average
2411 .7419
2411 .7369
2411 .7394
51
52
300 S 50 30 2412.5237
2412.5240
Average
2411 .8048
2411 .8008
2411.8028
45
46
300 I 50 12 2413.0125
2412,9383
Average
2412.1918
2412.1182
2412.1550
47
48
101
300 I 50 20 2412.5983
2412.4167
2412.4317
Average
2412.1333
2411 .9566
2411 .9803 N
2412.0234
49
50
300 I 50 30 2412.0792
2412.0600
Average
2411 .8860
2411 .8665
2411 .8757
80
81
97
300 S 75 12 2413,3308
2413 .4000
2413 .7642
Average
2411 .7674
2411 ,8387
2411 .8799
2411 .8287
V
82
83
300 S 75 2412.7225
2412.7142
Average
2411 ,9494 N
2411.9396 N
2411 .9445
84
85
300 75 30 2412.2858
2412.2950
Average
2411 .9053 N
2411 .8948 N
2411 .9000
74
75
300 I 75 1? 2413.5600
2415.5083
Average
2412.0546
2412.0035
2412.0290

T>T,A TV, 38
Number Tape
Distance
Betv;een
Supports
Pull
Lb .
I'easured
Length
Ft
.
Corrected
Length
Ft
.
76
77
100
300 I 75
•
20 2412.6383
ft ft r- r~ ' h2412 .7741
2412.6 550
Average
2411 .9432
2412,0789
2411 .9408 N
78
79
300 I 75 30 ft "1 ft T T ft2412 .1^83
2412.1442
Average
2411 .8595
2411 .8656
241 T Pn27
68
69
100 S 100 20 2412 ,728 3
2412.7033
Average
2411 ,8135
2411 ,8161
2411 P14P
66
67
100 S 100 30 ft <• n ft a a2412 .4466
2412.3667
Average
2411 .9215
2411 .8840
24H or 27
72
73
100 I 100 20 3413 .0 <08
2413.0725
Average
2411 .9363
2411 .9393
2411 9378TTX X t w
70
71
100 I 100 30 ft / T ft A <7 P f~*2412 .4366
2412.4291
Average
2411 .9254
2411 .9207
2411 9230O^ X X « 0
W
88
89
96
300 S 100 20 2412.7933
ft 1 *i ft n *i t j241 ^ .7134
2415 .2950
Average
2411 .7941
2411 .7432
2411.9125 N
^411 f>166
90
91
300 S 100 30 ft J T ft n ftft *7241" ,1 283
2412.0954
Average
2411 .7173
2411 .7048
2411 7110
92
93
300 I ICO 20 ft^T ft ftftft.^2412 .98 2o
2413 .0216
Average
2411 .8900
2411 .9301
2411 oinn
94
95
300 'I 100 30 2412.3616
2412.3917
Average
2411 .8726
2411 .9033
2411 .8879
Note
:
Measurements followed by N are night mea surercent 8
.

PLATE nr I
.
3S
Grouping of Measur orient s With
Reference to Find of Tape
Tar* e
Distance
Between
'"u: ^orts
Ft. .
Pull
Lb
.
Measured
Tlength
Ft .
Corr e
Length
Ft .
Average
Number'
25
28
86
3CC S 25 2412.741'
.1792
Q EG 9.
. o
2413
2412
2412.5291
Average
2411 .7866
2411 .8799
2411 .7945
2411 .8708N
3411 8' :o
4
26
87
DC
30C 20 2412.4933
2412 .4633
2412.8067
2412.3175
2412.6206
Average
2411 .7816
2411 .7601
2411 .£307
2411 .8757N
2411 .9291N
2411 .8350
11
12
27
86
300 n 30 2412 .5783
2412.3450
2412.9700
2412.4433
Average
2412.0681
2411 .8412
2412 .0 203
2411 .96 r !
"
2411 .9724
41
42
300 S 50 12 2413,2500
2413.2750
A verage
2411 .716 7
2411 .7496
2411 .7331
43
44
300 S 50 20 2412.6100
2412.7817
Average
2411 .7419
2411 .7369
2411 .7394
51
52
300 S 50 30 2412.5237
2412.5240
Average
2411 .8048
2411 .8008
2411 .8028
80
81
97
300 75 12 2413 .3308
2413
2415.7642
Average
2411.76 74
2411 .8387
2411 .6 799K
2411 .8267
82
63
300 5 75 20 2412.7225
2412.7142
Average
2411 .949^::
2411 .9396N
2411 .9445
84
85
300 75 30 2412 .2858
2412.295C
Average
2411 .9053N
2411 .8948K
2411 .9000

( c* o ft +. i t\\i ed
)
40
Number Tape
"Distance
Between
Supports
"Ft
Pull
Lb.
Length
Ft .
Corrected
Length
Ft .
Average
ber
68
89
96
300 S 100 or*
2412,7134
2413.2950
Average
2411 .7941
2411.7432
.2411 .9125::
2411 ,£166 10
90
91
30 C s ICO oO «^4X. .i> CO
2412 .0254
Average
2411 .7173
2411 ,7048
2411 .7110 11
5
6
29
32
300 I 25 12 2412.5277
o4X a . i/i/'tk'
241 2 . ooOG
2412.5600
Average
2412.1436
2412.1495
2412.151°
2412,1607
2412.1512
7
6
30
ICS
300 I 25 Or,idv
9 n o poo K
2412.2750
2412.2935
Average
2411 .9688
2411 .9954
2411 .9631
2411 .9940S
2411 .9804 13
9
10
rr ^OX
300 I 25 oU
2412.0063
2412.0117
Average
2411 ,8914
.2411 ,8925
2411 .8809
2411 ,8c C. 2 14
45
46
3C0 I 50 12 2413.0125
2412.9363
Average
2412,1918
2412.1182
2412.1550 15
47
8
1C1
300 I 50 »^fcX iDil O
2412.4167
2412.4317
Average
2412.1333
2411 .9566
2411 ,98081;
2412 .0234 16
49 300 I 50 30 2412.0792
2412,0600
Average
2411 .8850
2411 .8665
2411 .8 757 17
74 300 I 75 12 2413,5600
2413.5063
Average
2412.0546
2412.0035
2412.0290 IS
76
77
100
300 I 75 20 2412.6383
2412.7 741
2412.6550
Average
2411 .9432
2412.0769
2411 .9406K
2411.99 76 19

PLATE XVI. (cont inued)
Distance
Number Tape Between
Purports
Ft .
Pull
Lb .
L'easured
Length
Corrected
Length
Ft .
Averag
ITuiuber
78
79
300 I 75 3C 2412.1563
2412.1442
Average
2411 ,659b
2411 ,£656
2411 .8627 20
92 300 I
93
100 20 2412.9625
2413.0216
Average
2411 .8900
2411 .9301
2411 .9100 21
94 300 I 100
95
30 513
2412,3917
Average'
2411 ,8726
2411 .9033
2411 .88 79
13
14
33
ICC B 12 2412.5642
2412.6835
2412 18717
2412.8633
Average
2411 .7183
2411 .8468
2411 .8391
411 .8366
2411 .810 7 22
15
16
34
100 S 20 2412.2900
2412.5750
2412.6285
Average
2411 .7114
2411 .8284
2411 .8362
2411 .7920 24
17
16
53
54
103
100 S
100
25
50
30 2411 .9982
2412.1033
2412.4333
Average
2412.9958
2412.8117
2412.9500
Average
2411 .7148
2411 .8206
2411 .8616
2411 .7991
2411 .8252
2411 .6638
2411 .S940N
2411 .7943 26
55
56
100 S 50 2; 2412 .6225
2412,6100
Average
2411 .8336
2411 .8217
2411 .8276 27
57 100 S 50
58
30 2412.3375
2412.3642
Average
2411 .6394
2411 .8 505
2411 ,8449
68
69
100 S ICC 2412.7283
2412.7033
Average
2411 .8135
2411 .8161
2411 .8148 2S
66
67
ICO F 100 30 2412.4466
2412,5667
Average
2411 .9215
2411 .8840
2411 .9027

PLATE XVI. (continued)
Number Tape
Di stance
Between
Supports
* Ft .
Pull.
Lb.
Mes.sured
Length
^t
.
Corrected
Length
Ft .
Average
Number
19
20
37
40
22
38
104
23
24
39
106
100 I 25 12 2412.6250 2411
ICO I
ICO I
S6
25
2C
30
2412.651?
2412.6617
2412,6767
Average
2412 .3700
2412.4192
2412.4042
2412.3683
Average
2412 .0942
2412,2342
2412.1267
2412.1358
Average
2411
9314
9567
2411 .9476
2411 .9606
2411 .9491
2411 .9863
2412. 0366
2412.0029
2411 .978811
241 2.00 23
2411.9153
2412.0540
2411 .9304
2411 .9512N
2411 .9627
31
59
65
60
100 I 50 12 2413 .0150
2413.0491
2413.0483
Average
2411 .98 30
2411 .9355
2411 .9153
2411 ,9115 34
61 10C I 50 29 2412.5108
2412.5042
Average
2411 .9893
2411 .9806
2411 ,9850 35
63
64
100 I 50 30 2412 .1775
2412.1716
Average
2411 .9417
2411 .9336
2411 .9376 36
72
73
100 I 100 20 2413.0708
2415.0725
Average
2411 .9363
2411 .9393
2411 .9378 37
70
71
100 I ICC 30 2412.4366
2412.4291
Average
2411 .9254
2411 .9207
2411 .9230 38
ote: Measurements followed by V are night measurements.
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PROBABLE ERRORS
The probable errors tabulated on page 48 were computed
for each tape from the averages of measurements (see Plate XVI,
page 3S.) taken with the same pull and the same distance between
supports. For the purpose of comparison, it would have been more
desirable to obtain a probable error for the individual observation
so that measurements taken under the same conditions but with dif-
ferent tapes could be compared; as for example the measurement s in
groups 1 and 12, Plate XVI, page 39. Since there are only two
measurements in some groups, this plan had to be abandoned because
a probable error cannot be computed for one of two results. Thcre<
fore, the probable error of the average of the separate groups
was computed instead.
The formula for the probable error of the average is
R = 0.6745 ( J
,
where R is the probable error of the average
v n-1 '
referred to before; V is the difference of any average from the
mean of the averages; and n is the number of averages. The prob-
able error of the mean of the averages is determined from the
formula R = —£ . where F is the probable error of the mean of
°
-fn o
the averages.
In Plates XVII to XX, pages 44to 47, the computations
are shown for the determination of the probable error of the
averages mentioned above, and for the mean of the averages, using
the formulas ^ust mentioned. The numbers in the column with the
heading "Value", are the averages of the corrected lengths in the
respective groupings indicated by the average number. The tabu-
lated form for the comuptations here again simplified the work
as may be readily seen. At the bottom of each Plate is the prob-

PLATE XVII.
44
PROBABLE ERROR
100-Foot Steel
Average
Mo.
v alu e V „2V
23 11 .8107 .0126 .00015876
24 11 .7920 .0313 .00097969
25 11.7991 .0242 C .00058 564
J. J . 1 kj'tCJ
<0 / T
"1 r? e11 .82 .OO-iO C .00001849
28 11 .8449 .0216 .00046656
29 11 .8148 .0085 .00007225
30 11 .9027 0.0794 .00630456
Ave . 11 .8253 .00942675= £ V
.0094 _ n .036 7
V n-l 7
P = 0.0247
' P0=
R
.00874
2

PLATE XVIII.
45
PROBABLE ERROR
100-Foot Invar
A t r t* n rt
>> v d x a^v e
No.
\ cUUc XTV V
31 11 .9491 .0020 .00000400
32 12.0023 .0512 .00262144
33 11 .9627 0.0116 .00013456
o% 11 . V1X o u .Coyc U .UL'lDo4-(J-±
CD 11 .9G50 .0339 .00114921
36 11.9376 .0135 .00016225
37 11 ,8378 C .0133 .00017689
38 11 .9350 .0281 .00078961
Ave . 11 .9511
p
.0066420C = 2V6
:
2 Jc.CC 664
fl
-1 V 7
R = 0.0208
» ^ <-» V, >w
p r i! = C .00736
o Yu

46
PLATE XIX.
PROBABLE ERROR
300 -Foot Steel
Average
No .
Value V • v
2
1 11 .8330 .0042 .00001764
2 11 .£350 .0062 .0000 3844
3 11 .9724 .1436 .02062096
4 11 ,7331 .0957 .00915849
5 11 .7394 .0894 .00799236
6 11 .8028 .0260 .0006 7600
7 11 .8287 .0001 .00000001
8 11 .9445 0.1157 ,01358649
9 11 .9000 .0712 C .00506944
10 11.8166 .0122 C .0001 488 4
11 11 .7110 0.1178 .0158 7684
Ave . 11 .8288
.07098551= ZV2
J -
n.
' C .0 7098
.084257.* 1 -1 10
R .67461/if = .0568
R
9 /n = 0.0171
1

PLATE XX.
PROBABLE ERROB
300-Foot Invar
Average Value V V
No .
12 12.1512 .1738 C .03020644
15 11 .9804 .0030 .00000900
14 11 .8882 .0892 .00795664
15 12.1550 .1776 .03154176
16 IP 0234 0460 .00211600
17 11 ,£757 .1017 .01034289
18 12.0390 0,0516 .00266 256
19 11 .9896 0.C1C2 C .00010404
20 11.8627 0.1147 .01315609
21 11 .9100 .0674 .00454276
22 11 .8879 .0895 .00801025
Ave
.
11 .9774 .11064845
- 0.10519
B = 0.0709

48
PLATE XXI
.
TABULATED PROBABLE ERRORS
Average 1 ean of Averages
Tape Pr ob
.
Error
Equivalent
to 1 in
Prob .
Error
Equivalent
to 1 in
«->00 ft • ? 0.0568 42 400 0.01710 140 800
300 ft . I .07*09 34 000 .02140 112 500
100 ft . S .0247 97 500 0.008 74 275 500
100 ft . I C .0208 115 800 .00736 327 000

ablo error, P. for the averages in that particular group, and
also the value of R for the mean of the averages.
As may readily be seen from the table on page 48, the
probable error of the mean of the averages for the ICC- ft . invar
measurements is considerably less than that for the 100-ft . steel,
but the probable error for the 300-ft . invar measurements is some-
what greater than that for the 300-ft . steel . The former of these
comparisons conforms 7«rith expectations before the measurements were
taken, and it was expected that the comparison for the 300-ft . topes
would be the same. The basis for the expectations was that the
temperature correction was the most unreliable and variable factor
to be considered, since the exact temperature of the tape is not
likely to be indicated by thermometer readings.
It is roughly estimated, but with no substantial proof,
that when the sun was shining, the temperature of the ground and
the tape was about 10 degrees higher than that registered by the
thermometers which hung from hooks about 2 ft. above the ground.
The grade correction is in most cases a constant for
both steel and inva.r tapes, and the length correction is without
doubt correct,as the tapes were standardized at Washington, D.C.,
before any measurements were taken. The correction for sag is
also eliminated as a controlling factor in the final length of the
base-line, r s it can be readily computed by formula as shown on
page 26 although there is some doubt in regard to the exact value
of the pull at all points along the tape, as explained later in
the conclu g i or. s •
With the temperature correction, then, as the controlling
factor in the final length of the base-line, it seems quite evi-
dent that the invar tape measurements should be the more exact,
_ — I
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since the coefficient of expansion of invar is about 1/20 of that
of steel
.
The reason for the probable error of the measurements
taken with the 300-ft . invar tape exceeding the probable error of
the measurements taken with the 300-ft. steel tape, is indeed un-
known, and would probably justify further investigation.
CONCLUSIONS
The conslusions which have been deduced from this in-
vestigation of measurements with steel and invar tapes are as
follows
:
1 . A consistent variation of results with different
pulls and different distances between supports was expected, but
the results obtained are unaccountably inconsistent, and very few
definite conclusions can be drawn.
2. A comparison of the measurements tabulated in PlateXV,
page 35, indicates that the results obtained with a 12 lb. pull are
not as consistent as those obtained with a greater pull. This is
evidently due to the friction of the tape on the supports affect-
ing the tension considerably towards the middle of the tape, some-
times increasing it and at other times decreasing it. T^ith a 12 lb.
pull on the 300-ft. tape, the tension registered by the balance at
one end of the tape could be varied by about 2 lbs. without pro-
ducing a noticeable effect upon the balance at the other end.
3. A comparison of results further shows that measure-
ments made with the support stakes 25 and 50 ft. apart are more
consistent than those made with the supports 75 and 100 ft. apart.
For instance in Plate XVI, page 39, group No. 14, measurements taken
with the supports 25 ft. apart, check within 0,01 ft., and in the
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same Plate, group No. 17, measurements taken with the supports
50 ft. apart, check within 0.03 ft., while in group No. 18 the
measurements taken with supports at 75 ft. intervals, check within
about 0.05 ft., and in group No. 21 with 100-ft. intervals between
supports the measur events check within 0.04 ft. with a pull of
12 lbs., measurements with supports more than 75 feet apart were
practically worthless.
4. Results obtained from night measurements are consider-
ably more consistent than those obtained fro. day measur ement s
.
This fact is more marked in the results obtained with the steel
tapes than in those obtained with the invar taxes. PlateXS^page 39,
group No. 8, night measurements with the steel tape show a dis-
crepancy of .01 ft., while in group No. 7 of the same Plate, the
measurements taken with a steel tape during the day show a dis-
crepancy of 0.11 ft. An examination of the above mentioned Plate,
shows that measurements taken with invar tapes during the day
check about as closely as those taken during the night . The in-
consistency of day measurements with steel tapes was doubtless
due to the impossibility of obtaining the exact temperature of the
tape at all times.
5. The average rate of progress in the measurement of
the base-line with the 300-ft . tapes was 16 minutes per measurements
which is equivalent to 1.71 miles per hour; while the average with
the 100-ft
. tapes was 21 minutes per m easurement, which is equiv-
alent to 1.30 miles per hour. It was also found that with the use
of electric flash lights, the speed of night measurements approx-
imated that of day measurements.



